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ABSTRACT
We study the behaviour of polycyclic aromatic hydrocarbon emission in galaxies at z = 0.3 − 1.4 using 1868 samples from the
revised catalogue of AKARI North Ecliptic Pole Deep survey. The continuous filter coverage at 2-24µm makes it possible to measure
8µm luminosity, which is dominated by polycyclic aromatic hydrocarbon emission for galaxies at up to z = 2. We compare the
IR8 (≡ LIR/L(8)) and 8µm to 4.5µm luminosity ratio (νL(8)/νL(4.5)) with the starburstiness, RSB, defined as excess of specific star-
formation rate over that of main-sequence galaxy. All AGN candidates were excluded from our sample using an SED fitting. We
found νL(8)/νL(4.5) increases with starburstiness at log RSB <0.5 and stays constant at higher starburstiness. On the other hand, IR8
is constant at log RSB < 0, while it increases with starburstiness at log RSB >0. This behaviour is seen in all redshift range of our study.
These results indicate that starburst galaxies have deficient polycyclic aromatic hydrocarbon emission compared with main-sequence
galaxies. We also find that galaxies with extremely high νL(8)/νL(4.5) ratio have only moderate starburstiness. These results suggest
that starburst galaxies have compact star-forming regions with intense radiation, which destroys PAHs and/or have dusty HII regions
resulting in a lack of ionising photons.
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1. Introduction
Polycyclic aromatic hydrocarbon (PAH) emission has received
much attention in recent years because of its properties, which
provide us with key parameters in galaxy evolution. The PAHs
are thought to be located in photo-dissociation regions (PDRs)
and are regarded as star-formation rate tracers, since they are ex-
cited by UV light from young stars and emit their energy at 3.3,
6.2, 7.7, 8.6, and 11.3 µm. Of these values, 7.7µm emission is
the strongest and dominates at 8µm luminosity even in broad
band filters. Therefore, these emissions correlate with the in-
frared luminosity, LIR (Caputi et al. 2007), which traces the dust-
obscured starformation, since most of the energy is absorbed by
dust and re-radiated at infrared. On the other hand, the PAHs also
reflect the physical conditions of the inter stellar matter in galax-
ies. If UV photons are absorbed by dust in HII regions and can-
not excite the PAHs in PDRs, or PAHs are destroyed by harsh ra-
diation from a strong starburst or active galactic nuclei (AGNs),
the PAH emission would be lower compared with the infrared
luminosity (Tielens 2008). Therefore, local ultra luminous in-
frared galaxies (ULIRGs;LIR > 1012L⊙) that are very dusty and
have compact star-forming regions and/or strong AGNs have a
deficiency in PAH emission.
However, the PAHs show different behaviour in a high-z
universe. At z∼0.5 and z∼1, ULIRGs with a large rest-frame
L(8µm)/L(5µm) colour, which corresponds to large PAH equiv-
alent width, were found, which must have an extended star-
forming region (Takagi et al. 2010). The ULIRGs at higher z
were also observed to have a higher L(8) at a given LIR than
their local counterpart (Rigby et al. 2008; Huang et al. 2009). It
leads an overestimation of infrared luminosity at z > 1.5 when
it is derived from only a 24µm band photometry with local SED
templates, since the 8µm emission is redshifted into the 24µm
band, which has been called as “mid-infrared excess” problem
(Daddi et al. 2007).
Recently, this excess emission is explained with two modes
of star formation, “normal” and “starburst” (Elbaz et al. 2011).
Galaxies with “normal” star-formation have a tight correlation
between stellar mass and star formation rate, which is commonly
referred to as the “star-forming main sequence” (Noeske et al.
2007; Elbaz et al. 2007) with an intrinsic scatter (Salmi et al.
2012; Guo et al. 2013). “Starburst” galaxies are defined with
specific star-formation rate (sSFR) above the scatter, while “pas-
sive” are with sSFR under the scatter. The sSFR of the main se-
quence increases with redshift, while the IR8 (≡ LIR/νL(8)) has
a value of 4±1.6, which is independent of redshift (Elbaz et al.
2011). The IR8 correlates with both a compactness in the star-
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forming region and a starburstiness that is defined by the ex-
cess of sSFR: RSB ≡sSFR/sSFRMS . Nordon et al. (2012) also
showed that L(8)/LIR(=1/IR8) decreases with an excess of sSFR
at z=1 and z=2. They showed that intensive quantities, which
are averaged over the entire galaxy, such as the sSFR and SED
shape, are more fundamental parameters in determining the
physical conditions in PDRs than extensive quantities that are
integrated over the entire galaxy, such as infrared luminosity
and stellar mass. However, owing to sparse filter sampling at
8-24µm in the Spitzer Space Satellite (Werner et al. 2004), they
could not pay much attention to z<1. Nonetheless, since the co-
moving star-formation rate dramatically changed at this epoch
(Le Floc’h et al. 2005; Pe´rez-Gonza´lez et al. 2005), investigat-
ing the PAH behaviour of galaxies at the intermediate redshift is
invaluable to explore galaxy evolution.
In contrast, the Japanese led AKARI satellite
(Murakami et al. 2007) has a continuous filter coverage at
2-24 µm with nine photometric bands in the Infrared Camera
(Onaka et al. 2007). With these nine bands, a large and deep
galaxy survey has been conducted towards the North Ecliptic
Pole (Matsuhara et al. 2006; Wada et al. 2008), which makes it
possible to measure 8µm luminosities at z=0.3-0.7, 0.7-1.2, and
1.2-1.4 using the S11, L15, and L18W bands without associated
uncertainties from the K-correction. This catalogue has been
recently updated by Murata et al. (2013) and the detection limit
is improved, as ∼60µJy at S11 band.
In this paper, we explore the PAH behaviour of galaxies at
z=0.3-1.4 using the revised AKARI NEP-Deep catalogue. In
section 2, the data used in this study is described. In section 3,
we show that the starburst galaxies have a relative weakness of
PAH emission with respect to infrared luminosity regardless of
redshift. In section 4, we discuss our results. In section 5, the
conclusion is given. We adopt a cosmology with (Ωm,ΩΛ, H0) =
(0.3, 0.7, 70km s−1 Mpc−1). An initial mass function of Chabrier
(2003) is assumed.
2. Data and sample
In this study, we used the AKARI North Ecliptic Pole Deep sur-
vey revised catalogue (Murata et al.2013) to measure the PAH
emission strength at z=0.3-1.4. It has an advantage of covering
2-24 µm wavelengths continuously, which makes it possible to
measure 8µm feature at up to z=2, where PAH emission at 7.7µm
and thermal emission from a very small grain heated by AGNs
are dominant sources. A total of 1868 galaxies at z=0.3-1.4 with
photometry in all nine bands were selected from the catalogue.
All photometry was performed with an aperture radius of 6.3 and
6.0 arcsec for NIR and MIR, with which flux calibration was
conducted (Murata et al.2013). The NIR and MIR sources are
matched through the matching with a ground-based catalogue
(u* to Ks bands, see below). The 50% completeness limits of the
survey are as deep as 56, 55, 38, 29, 34, 50, 86, 94, and 247µJy
in the N2, N3, N4, S7, S9W, S11, L15, L18W, and L24 bands,
respectively.
To estimate the physical properties of the AKARI sources,
we used ground-based data taken with CFHT/MegaCam and
WIRCam, which covers most of the AKARI NEP-Deep field
with eight u∗g′r′i′z′YJKs bands (Oi et al. 2014). The YJKs
stacked image was used as a detection image when sources
were extracted using SExtractor (Bertin & Arnouts 1996) with
the dual mode for all eight bands. The colours were measured
with a 2.0 arcsec aperture radius with the same area for all eight
bands, while the total magnitudes were scaled with the Ks mag
measured with the Mag Auto. The detection limit of this cata-
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Fig. 1. Comparison between photometric and spectroscopic red-
shifts. Blue pluses indicate star-forming galaxies, while green
crosses indicate AGN candidates.
logue is Ks ∼22.5 mag. The CFHT sources were cross-matched
with the AKARI NIR and MIR catalogue with 1.5 and 2.5 arc-
sec search radii, respectively, which are slightly small compared
with the positional accuracy to avoid a chance coincidence of the
matching with different objects. Some objects were unmatched
with the CFHT catalogue due mainly to the field coverage and
the detection limits.
We used spectroscopic redshifts when available; oth-
erwise, we used photometric redshifts. Among 1868 ob-
jects, 225 have a spectroscopic redshift, which were ob-
tained by MMT/Hectospec, WIYN/Hydra (Shim et al. 2013),
Keck/DEIMOS, and Subaru/FMOS (Appendix A) with at least
two emission or absorption line features. We note that a fraction
of high-z redshifts were obtained with [OII] line measured with
the DEIMOS, while the others were determined with Hα line by
the FMOS. Photometric redshifts were estimated using a pub-
licly available code LePHARE (Ilbert et al. 2006), with which
62 galaxy templates from Arnouts et al. (2007) were fitted to u∗
to N4 bands. The systematic magnitude offsets for each band
were calculated using the best fit templates of objects with spec-
troscopic redshift using the AUTO ADOPT option. The pho-
tometric redshifts were compared with the spectroscopic red-
shift in Fig.1. The normalised median absolute deviation was
∆z/(1 + z)=0.043 for star-forming galaxies (blue; see later para-
graph for classification) and 0.046 for AGN candidate (green),
while the outlier rates, defined as |zphoto − zspec| > 0.15(1+ zspec),
were 2.7 and 7.1%, respectively.
To estimate the PAH emission strength, we measured rest-
frame 4.5µm and 8µm luminosities. Since PAH emission domi-
nates 8µm luminosity of star-forming galaxies while continuum
emission dominates at 4.5µm luminosity, the 8µm to 4.5µm lu-
minosity ratio roughly corresponds to an 8µm PAH equivalent
width. Using the AKARI S7-L18W bands, these luminosities
were calculated with less uncertainties from K-correction. For
example, the L15 flux was used for calculation of 8µm lumi-
nosities at z = 1 using the following equation:
[8]abs = [L15] − DM(z = 1) − (kcor(L15) + ([8] − [L15])tempabs ),(1)
where DM is the distance module and the templates from
Polletta et al. (2006, 2007) were applied. For 8µm luminosities
at z=0.3-0.7, 0.7-1.2, and 1.2-1.4, we used S11, L15, and L18W
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bands, while we used S7, S9W, and S11 bands for 4.5µm lumi-
nosities. The IRAC 2 and IRAC 4 bands were applied as 4.5µm
and 8µm bands for the K-correction.
Our samples were divided into three categories, star-forming
(SF), AGN candidate and elliptical galaxies, for which a best χ2
fitting template was provided with the LePHARE. The N2-L24
bands were fitted to 25 POLLETTA templates of which three
are elliptical, 13 are star-forming, and nine are AGNs. Among
the AGN templates, three are type 1, three are type 2 or 1.8,
two are composite (starburst+AGN), and one is a torus model,
where the type 2 SEDs are dominated by host galaxies (Polletta
et al.2007). Hence, even galaxies which are not dominated by
AGNs are identified as AGNs and we call these sample AGN
candidate. This conservative categorisation was performed to
obtain a pure SF sample. Throughout this paper, AGN candi-
dates are used only for comparison, and our conclusion is based
only on star-forming galaxies.
To estimate the infrared luminosity more reliably, we also
used Herschel/PACS 100µm and 160µm (Serjeant et al. in prep.)
and SPIRE 250µm, 350µm, and 500µm data (Pearson et al. in
prep.). The survey with PACS 100 and 160µm bands covers most
of the NEP-Deep region with 5σ sensitivity of 8 and 16 mJy,
while the survey with the SPIRE 250, 350, and 500µm bands
covers nearly half of the field with 5σ sensitivity of 26, 21.5,
and 31 mJy and covers entire field with 45, 38, and 54 mJy.
We cross-matched our sample with the PACS catalogue using
a search radius of 5 arcsec and 160 objects were matched. The
search radius was determined as 2.5σ of the source separation
distribution. The SPIRE photometry was made by fitting an el-
liptical Gaussian to the SPIRE timelines by assuming an initial
position (RA, Dec) from the AKARI NEP catalogue. As a result,
1068 out of 1868 objects have SPIRE photometry. The errors of
the absolute PACS photometry was estimated as large as ∼20%,
while the SPIRE ∼10%.
The infrared luminosities (integrated over 8-1000µm) were
estimated via an SED fitting with the Chary & Elbaz (2001)
SED library using the L24, 100 and 160µm (PACS), 250, 350,
and 500µm (SPIRE) photometry. We did not use AKARI N2 to
L18W bands to avoid PAH emission which may overestimate
the infrared luminosity. For objects undetected by any Herschel
band, infrared luminosities were derived only from L24 band.
To estimate the accuracy we compared the infrared luminosi-
ties derived from L24 and those from mid- to far-infrared bands,
as shown in Fig.2. They agreed within 0.2dex for both SF and
AGN candidates, although fainter galaxies tend to have a lower
luminosity when derived only from L24 bands. It may result
from the confusion limit of the SPIRE photometry, which can
overestimate the flux, since we performed photometric measure-
ments even if they are below the detection limit. However, we
found our conclusions to be insensitive to the inclusion or ex-
clusion of the Herschel data, so we believe the confusion ef-
fect not to be serious. Our SEDs show no mid-infrared ex-
cess (see also Daddi et al. 2007), since the redshift range of
our sample is z = 0.3 − 1.4, where the infrared luminosities
from the 24 µm photometry agree very will with those from
far-infrared bands(Elbaz et al. 2010). The infrared luminosities
were converted into star-formation rate via multiplication of
1.09×10−10[SFR/L⊙].
For each object, we calculated the specific star-formation
rate, sSFR, defined as the star-formation rate divided by stel-
lar mass. Masses were estimated from a χ2 SED fitting using
Bruzual & Charlot (2003) SED models with solar metallicity. In
this SED fitting, we used MegaCam u∗g′r′i′z′, WIRCam YJKs,
and AKARI N2, N3, and N4 bands. The typical mass of our
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Fig. 2. Comparison of infrared luminosities derived from only
L24 and from L24 + Herschel bands. Blue pluses indicate star-
forming samples while green crosses indicate AGN candidates.
Grey dotted line indicates y=x line.
sample is log M∗= 10.4, 10.5, and 10.6 for z=0.3-0.6, 0.6-0.9,
and 0.9-1.4 bins, respectively. Most of our samples have values
of log M∗/M⊙>10, which is similar to Nordon et al. (2012). The
starburstiness is defined as the deviation of sSFR from that of
main-sequence, defined by Elbaz et al. (2011).
RS B = sS FR/sS FRMS (2)
sS FRMS [Gyr−1] = 26 × t−2.2cosmic, (3)
where tcosmic is the age of the Universe at that redshift. We did
not estimate the sSFRMS from our sample because high-z main-
sequence galaxies were incomplete. Fig.3 shows the variation
of specific star-formation rate with redshift for our sample with
a scatter of 0.3dex. We sample a wide range of the popula-
tion, even below that of the main sequence at lower redshifts.
However, our MS sample at z >0.8 is incomplete due to a flux
limit, which we discuss in the section 4. The figure also shows
AGN candidate galaxies have a higher LIR/M∗ than star-forming
galaxies while all elliptical galaxies have a lower LIR/M∗ than
the main-sequence. The SFR and RSB were derived from the in-
frared luminosity. We note that RSB of AGN candidates might
be overestimated. However, this does not affect our conclusions
because they are based only on the SF galaxies; the AGN candi-
dates are only used for comparison.
3. Results
Previous studies using the Spitzer Space Telescope (Elbaz et al.
and Nordon et al.) showed that high starburstiness galaxies have
lower PAH emission than expected from the infrared luminos-
ity. Elbaz et al. (2011) showed that IR8 (≡ LIR/νL(8)) correlates
with RSB, where 8µm luminosities were measured with IRAC4,
IRS 16µm, and MIPS 24µm bands for galaxies at z = 0.3, 1,
and 2, respectively. Nordon et al. (2012) obtained similar re-
sults for z ∼1 and z ∼2 galaxies using ultra deep IRS spectra
and showed that the spectra are dominated by PAH emission. In
our work, IR8 and νL(8)/νL(4.5) ratio of galaxies at z =0.3-1.4
were obtained using the continuous wavelength coverage of the
AKARI/IRC. The AGNs and elliptical galaxies were separated
from our sample to study the behaviour of PAHs in star-forming
galaxies.
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In the left panel of the Fig.4, the IR8 ratios are plotted against
the starburstiness for star-forming galaxies. The AGN candidates
are also shown for comparison. The median value of the IR8
for the star-forming galaxies are constant at log(RSB)<0 and in-
creases with starburstiness at log(RSB)>0. The errors of the me-
dian values were defined as the 68th percentile of the data dis-
tribution divided by the square root of the number of samples in
each bin. Although the data show a non-negligible scatter com-
pared with the local relation (black lines), our data are consistent
with the results from Elbaz et al. (2011). This result indicates the
rise of IR8 with starburstiness among the star-forming galax-
ies in our sample, which suggests a relative “weakness” of PAH
emission with respect to LIR for high RSB. We refer to this weak-
ness of PAH emission at high RSB as a “PAH deficit”. We note
that the median of the IR8 at lower RSB may be overestimated
due to the incompleteness of main-sequence galaxies, although
it does not deny that high RSB galaxies have a PAH deficit. We
note again that a fraction of our infrared luminosities are based
only on L24 photometry, which does not affect our result. This
is because the redshift range of our sample is z<1.4, where LIR
derived from 24µm photometry is consistent with those from far-
infrared (Elbaz et al.2011), as shown in Fig.2.
In the right panel, νL(8)/νL(4.5) ratios are shown against
starburstiness. The median value for the star-forming galaxies
increases with starburstiness at log(RSB)<0.5 and stays constant
at log(RSB)>0.5, which is consistent again with the view that
starburst galaxies have a relative “weakness” of PAH emission.
On the other hand, the νL(8)/νL(4.5) ratios of AGN candidates at
higher RSB are lower than those of star-forming galaxies. Some
objects show a higher luminosity ratio, log νL(8)/νL(4.5) > 1,
which is similar to the “PAH selected galaxy” of Takagi et al.
(2010). These galaxies are mainly distributed at moderate star-
burstiness, log RSB∼-0.5-0.5. We found that these galaxies have
similar IR8 to other normal star-forming galaxies, which is con-
sistent with Takagi et al. (2010). Although some AGN candi-
dates also show high νL(8)/νL(4.5) ratio, this might be due to
misclassification (see §2). We note that a systematic bias could
affect our result since we excluded AGN some of which might be
star-forming (see §2). However, since including these misclassi-
fied objects leads to lower νL(8)/νL(4.5) ratios, as indicated in
the right panel of Fig.4, it cannot affect our conclusion that star-
burst galaxies have a relative weakness of PAH emission.
Lastly, we show the redshift dependence of the relation be-
tween PAH strength and starburstiness in Fig.5. In the left panel,
the median value of the IR8 ratios are shown against starbursti-
ness with three redshift bins, z = 0.3 − 0.6, z = 0.6 − 0.9, and
z = 0.9 − 1.4. For all redshift bins, IR8 ratios are constant at
log(RSB)<0 and increase with starburstiness at log(RSB)>0. This
result is consistent with Nordon et al. (2012). Although their
curves show a redshift dependence, they mentioned the uncer-
tainty of 0.1-0.15 dex in the methods to derive sSFRMS , and LIR
can account for the redshift dependence. In the right panel, the
median value of the νL(8)/νL(4.5) ratios are shown against the
starburstiness with the same redshift bins. In all redshift bins,
νL(8)/νL(4.5) increases with starburstiness at log(RSB)<0.5 and
is constant at log(RSB)>0.5.
We consider here how the sample selection with the flux
limit affects our results. As mentioned in section 2, our MS is
not complete, which leads a higher IR8 for lower RSB galaxies.
Considering this effect is different in different redshift bins, we
cannot reject a possibility that the similarity of the relation be-
tween IR8 and RSB at different redshifts is only a coincidence.
Nonetheless, this effect cannot explain the higher IR8 for higher
4
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RSB, so that we can conclude that our results are qualitatively
reliable. On the other hand, the detection limits of 4.5µm and
8µm luminosities can lead to a lower and higher νL(8)/νL(4.5)
ratios, respectively. To investigate this systematic effect, we ap-
plied flux cuts at various flux of S7 and S11 bands, which corre-
spond to 4.5µm and 8µm at z ∼0.4. Our results did not change in
this test, confirming again our results are robust.
4. Discussion
Previous studies have established that the mid-infrared SED re-
flects the physical condition of galaxies rather than the infrared
luminosity. For example, Nordon et al. (2012) also showed that
higher starburstiness galaxies have lower PAH emission and sug-
gested that the dominant cause of the PAH weakness is the
intense radiation fields by using the Spitzer space telescope.
However, they focused only on z = 1 and z = 2 galaxies ow-
ing to their wavelength coverage. In our study, we explored the
PAH behaviour of starburst galaxies at z=0.3-1.4, making use of
the AKARI’s continuous filter coverage at 2-24µm.
In this section, we discuss the nature of the PAH deficit. We
refer to measures of the [CII] deficit as measured in the far-
infrared, since the [CII] emission also originates in the PDRs and
the deficit is seen at low and high-redshifts (Luhman et al. 2003;
Abel et al. 2009; Gracia´-Carpio et al. 2011; Dı´az-Santos et al.
2013; Farrah et al. 2013). Here, we discuss five possibilities of
the nature of the PAH deficit: a stronger continuum due to AGN
or starburst, compact star-forming regions, a lack of ionising
photons, low metallicity, and dust attenuation.
If a strong continuum from the AGN or starburst domi-
nate at mid-infrared luminosity, νL(8)/νL(4.5) should be small.
However, we excluded all AGN candidates through the SED fit-
ting with nine AKARI infrared bands, in which star-forming
galaxies may be included. Due to this conservative exclusion,
the AGN are less likely to affect our results. On the other hand,
even with an extremely strong starformation with an ionisation
parameter of U = 104, the 4.5µm continuum cannot significantly
be affected (Draine & Li 2007). Hence, the cause of the PAH
deficit is not likely to be the underlying continuum.
If the PAHs are destroyed by strong UV radiation from the
compact star-forming regions, the PAH emission weakens for a
fixed LIR (Peeters et al. 2004). Elbaz et al. (2011) shows the IR8
correlates with star-formation compactness. According to this
relation, the PAH deficit galaxies have compact star-forming re-
gions. It also predicts that galaxies with moderate starburstiness
have extended star-forming regions. At moderate starburstiness,
log RSB ∼ 0, in Fig.4, some galaxies with higher νL(8)/νL(4.5)
ratio were identified. Takagi et al. (2010) argued that such high
luminosity ratios cannot be explained unless they have an ex-
tended star-forming region. Hence, these results support the pos-
sibility that PAHs are destroyed by strong UV radiation.
On the other hand, if UV photons are absorbed by dust in HII
regions and cannot reach the PAHs in PDRs, photoelectric heat-
ing of the PDRs should be less efficient, which results in both
[CII] and PAH deficits (Abel et al. 2009; Gracia´-Carpio et al.
2011). We do not have enough data to confirm or reject this pos-
sibility. However, since a high ionisation parameter results in
high dust absorption of UV photons (Abel et al. 2009), we have
to note that these two scenarios, “a lack of UV photons” and
“compact starburst” could be connected.
Galaxies with low metallicity should have a small amount
of PAH particles, which results in lower PAH emission
(Engelbracht et al. 2005). To investigate this possibility, we
compared the metallicity against the νL(8)/νL(4.5) ratio. The
metallicity was derived from [NII]/Hα flux ratio observed with
the Subaru/FMOS, as described in Appendix A. We found no
relation between metallicity and the luminosity ratio. However,
our metallicity range is only 12 + log O/H > 8.5, although
the PAH weakness can only be seen in 12 + log O/H <∼ 8.0
(Engelbracht et al. 2005). Hence, we cannot strongly constrain
this possibility.
Although dust attenuation is quite weak at mid-infrared
wavelengths, it is still higher than in the far-infrared, so that
IR8 can be higher due to dust attenuation. However, if we as-
sume 8µm and 4.5µm radiate from the same regions, dust at-
tenuation should lead a higher νL(8)/νL(4.5) ratio. Furthermore,
PAH deficit correlates with [CII] deficit, where dust attenuation
is negligible. Hence, a constant νL(8)/νL(4.5) indicates the in-
trinsic relative weakness of PAH emission in starburst galaxies.
Summarising the discussions above, the dominant processes
of the PAH deficit are probably due to a harsh radiation from
compact starbursts and/or a lack of UV photons due to dust ab-
sorption.
5. Conclusion
We studied the PAH behaviour of galaxies at z=0.3-1.4 us-
ing 1868 galaxies sampled from the revised catalogue of the
AKARI NEP-Deep survey. The continuous wavelength cover-
age at 2-24µm of the AKARI/IRC enabled us to measure the
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νL(8)/νL(4.5) ratio and the IR8 for the redshift range of interest.
All AGN candidates were separated with an SED fitting using
nine AKARI filters. We found the νL(8)/νL(4.5) ratio increased
at lower starburstiness, while it stayed constant at higher star-
burstiness. Similarly, IR8 was constant at lower starburstiness
and increased with starburstiness at higher starburstiness. This
relative weakness of the PAHs was seen throughout the redshift
range z = 0.3− 1.4. We also found that galaxies with the highest
νL(8)/νL(4.5) ratio have moderate starburstiness. These results
can be interpreted as follows: starburst galaxies have compact
star-forming regions, whose UV radiation destroys PAHs, and/or
have dusty HII regions where a fraction of UV photons are ab-
sorbed by dust and PAHs cannot be excited.
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Appendix A: Subaru/FMOS observation and data
reduction
The Subaru/FMOS (Kimura et al. 2010) observations were con-
ducted on 20-21 June 2012 to study star-forming galaxies at an
intermediate redshift. The 733 objects were selected with in-
frared luminosity, having Hα fluxes of 0.4×10−16erg cm−2 s−1
and were observed using a J-long band with Cross Beam Switch
mode, where two fibres were allocated for each target. One ob-
serves the target and another observes the sky ∼90 arcsec away
from the target; the roles are switched at each exposure. The
fibre has a 1.2 arcsec aperture diameter, and the positional accu-
racy is 0.2 arcsec. The on-source exposure time was 0.5-2h. The
spectral resolution of the J-long is R=1900.
The data reduction was performed with the FMOS pipeline,
FIBRE-pac (Iwamuro et al. 2012). The sky subtraction was con-
ducted with A-B exposure for each observing set. The wave-
length calibration was carried out using OH masks, and the rela-
tive flux calibration was conducted with G-K type stars selected
by the g′r′i′ colour-colour diagram. Although fibre loss was not
considered, which caused∼0.2dex absolute flux error, it does not
affect the line-flux ratio measurements.
Among the 733 objects, 96 objects were found to have
at least one emission line, of which 32 have both Hα and
[NII]λ6584 lines. The line fluxes were measured by fitting with
Gaussian functions. The line ratios were converted to the metal-
licities using the relation (Pettini & Pagel 2004),
12 + log(O/H) = 8.90 + 0.57 log([NII]λ6584/Hα). (A.1)
Our targets have a metallicity range of 12 + log(O/H)=8.3-9.0.
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